This study sought to explore the mechanism of anti-inflammatory effect of triphala in lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages and in adjuvant-induced arthritic rats. In stimulated RAW 264.7 cells, triphala (100-300 mg/ml) significantly suppressed production of inflammatory mediators (e.g. TNF, IL-1, IL-6, MCP-1, VEGF, NO, PGE 2 ), intracellular free radicals and release of lysosomal enzymes (e.g. acid phosphatase, -galactosidase, N-acetyl glucosamindase and cathepsin D) in a dose-related manner. With triphala, mRNA levels of genes for proinflammatory TNF, IL-1, IL-6 and MCP-1, inflammatory iNOS and COX-2 enzymes and NF-Bp65 were down-regulated in the stimulated cells; in contrast, there was up-regulation of heme oxygenase-1 (HO-1) expression. Western blot analyses revealed that triphala suppressed the protein expression of NF-B p65 and p-NF-B p65 in the stimulated cells, which subsequently reduced over-expression of TNF, IL-17, iNOS and COX-2 in a manner similar to that observed with BAY 11-7082, an IB kinase inhibitor. Immunofluorescence analysis revealed inhibition of p-NF-B p65 nuclear translocation and COX-2 protein expression caused by triphala. Consistent with these findings, the animal studies presented confirmed that triphala exhibited anti-inflammatory effects in a rat adjuvant-induced arthritis model by reducing of inflammatory mediator (e.g. IL-17, COX-2 and RANKL) expression via inhibition of NF-B activation. Taken together, the results here demonstrated that triphala has potential anti-inflammatory applications that could be used for the treatment of inflammatory disorders, including rheumatoid arthritis.
Introduction
Inflammation is a complex and multiple process produced in response to different stimuli such as infection, chemical exposure, tissue damage, trauma or lipopolysaccharide endotoxin (LPS) (Choudhari et al. 2013) . Macrophages are major inflammatory cells that play vital roles in immune response, allergy and inflammation. Activation by foreign stimuli like LPS activate the transcription factor nuclear factor (NF)-B and mitogen-activated protein kinases (MAPKs). These events lead to the cellular release of inflammatory mediators (such as nitric oxide [NO] and prostaglandin (PG)-E 2 ), pro-inflammatory cytokines like tumor necrosis factor (TNF)-, interleukin (IL)-1 and IL-6, hydrolytic enzymes (e.g. acid phosphatase, cathepsin-D and -glucouronidase), reactive oxygen species (ROS) and inflammatory enzymes such as inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) (Biswas & Lewis 2010; Grivennikov et al. 2010) .
The generation of these pro-inflammatory mediators is mainly regulated through the NF-B and MAPK pathways (Li et al. 2012 ). On the other hand, activation of the NF-B and MAPK pathways may also be achieved by elevated levels of free radicals and inflammatory cytokines. Heme oxygenase (HO-1), an essential enzyme in heme catabolism, has been reported to have an antiinflammatory property by suppressing the production of pro-inflammatory cytokines during oxidative stress (Ryter et al. 2002) .
Excessive production of the inflammatory mediators and enzymes by activated immune cells like macrophages play a vital role in the pathophysiology of many inflammatory diseases like rheumatoid arthritis and atherosclerosis. It has been speculated that inhibition of the formation of these inflammatory mediators and/or of the NF-B signaling pathway in association with an up-regulation of HO-1 could serve as a useful therapeutic approach to treat many inflammation-based pathologies. This goal has provided one basis underlying the development of potential anti-inflammatory drugs.
Triphala is a commonly used herbal formulation derived from fruits of three trees, e.g. Indian gooseberry (Emblica officinalis Gaertn, family Euphobiaceae), Belleric myrobalan (Terminalia belerica Linn, family Combretaceae) and Chebulic myrobalan (Terminalia chebula Retzr, Combretaceae) (Sandhyaa et al. 2006) . This formulation has been prescribed for treatment of a wide variety of conditions like infection, obesity, anemia, fatigue, constipation and against infectious diseases, including tuberculosis, pneumonia and AIDS (El-Mekkawy et al., 1995) . Triphala has been shown to be a rich source of antioxidants including Vitamin C, ellagic, gallic and chebulinic acids, bellericanin, -sitosterol and flavanoids (Jagetia et al. 2002) .
Previous investigations have shown that triphala imparted several biological effects, including acting like an anti-oxidant (Takagi & Sanashiro 1996) , anti-tumor (Kaur et al. 2005) , anti-diabetic (Sabu & Kuttan 2002) , antiproliferative, anti-mutagenic (Kaur et al. 2002) and radioprotective (Jagetia et al. 2002) agent. Our own preliminary studies with triphala have shown it also imparts antiinflammatory, immunomodulatory and lysosomal membrane-stabilizing effects in arthritic animal models (Rasool & Sabina 2007; Sabina et al. 2009; Kalaiselvan & Rasool 2015a,b) . Nevertheless, there remains no information on potential mechanisms underlying the anti-inflammatory action of triphala on inflammatory cascades and/or cell signaling pathways.
The RAW 264.7 macrophage cell line is a wellestablished model used to investigate how triphala extract might interfere with inflammation in macrophages (in vitro) induced by bacterial LPS (Wang et al. 2011) . Adjuvant-induced arthritis, in an animal model, imitates the human pathophysiological condition, including chronic swelling in multiple joints due to accumulation of inflammatory cells, joint cartilage erosion, bone destruction; as such, it it routinely used to explore the effects of potent anti-inflammatory/antiarthritic agents. As such, the purpose of the present work was to identify possible mechanisms of anti-inflammatory activity of triphala in LPS stimulated RAW 264.7 macrophages and in adjuvant-induced arthritic rats. It was hoped that the results of the present study could provide a molecular basis for the use of triphala against inflammatory diseases including rheumatoid arthritis.
Materials and methods

Chemicals
Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), penicillin and streptomycin were obtained from Life Technologies Inc.
(Grand Island, NY). MTT (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide), DMSO (dimethyl sulfoxide), LPS (Type 0111:B4 from Escherichia coli), indomethacin (Indo) and TRIzol were purchased from Sigma (St. Louis, MO). High capacity cDNA reverse transcription and QuantiTect SYBR Green PCR kits were purchased, respectively, from Qiagen (Valencia, CA) and Applied Biosystems (Foster City, CA), for use in real time-PCR experiments. Monoclonal antibodies (MAb) against NF-B p65, p-NF-B p65, TNF, iNOS, IL-17, RANKL and COX-2 were purchased from Cell Signaling Technology (Beverly, MA). Secondary horseradish peroxidase (HRP)-conjugated antibody was also purchased from Cell Signaling Technology. All other chemicals used here were purchased from HiMedia laboratories (Mumbai, India)
Preparation of aqueous extract of triphala
Commercially-available triphala powder (a mixture [equal proportions, 1:1:1 w/w/w] of dried/powdered fruits from Terminalia chebula, Emblica officinalis and Terminalia belerica) was obtained from the Indian Medical Practitioners Co-operative Stores and Society (IMCOPS, Chennai, India). A weighed amount of triphala powder was extracted for 24 h with doubledistilled water in a flask, at room temperature, on a shaker. The extraction procedure was repeated until the water became colorless. All undissolved materials were removed by filtration through Whatman No. 1 filter paper. The resulting filtrate was lyophilized down to a dry powder and weighed (&40% [w/w] yield). Portions of the extract were then suspended in distilled water to yield a stock solution of 1000 mg/ml for use in the experiments herein.
HPLC analysis of triphala
The presence of major active phyto-components in the lyophilized aqueous extract of triphala were assessed using a Prominence HPLC system (Shimadzu, Tokyo, Japan) equipped with a quaternary pump, autosampler, rheodyne-7725i injector, column oven and UV-Visible detector; all generated data were analyzed by associated LC real-time software. The separation of phytocomponents was carried out on a Shim Pack C-18 column (250 mm Â 4.6 mm, id) packed with 5-mm particles. The optimized chromatographic conditions were: mobile phase consisting of gradients of solvents such as solvent A (phosphoric acid:water, 0.5:99.5 v/v) and solvent B (acetonitrile: acetic acid, 99:1 v/v), flow-rate of 1.5 ml/min and a column maintained at 25 C. All phyto-components were detected in the UV range, i.e. 268 nm for tannic acid, 270 nm for gallic acid, 272 nm for ascorbic acid and 277 nm for chebulagic/chebulic acid. The presence of five expected major active components in the aqueous extract were identified by comparing with retention times (Rt) and UV absorption spectrum of their respective standards (Sigma).
In vitro studies
Cell culture RAW 264.7 murine macrophages were purchased from the National Centre for Cell Sciences (Pune, India) and maintained in DMEM supplemented with 10% FBS, 100 U penicillin/ml and 10 mg streptomycin/ml in a humidified atmosphere of 5% CO 2 at 37 C. Cells were allowed to grow to 90-95% confluence, at which point they were washed with phosphate-buffered saline (PBS, pH 7.4) Thereafter, the cells were gently scraped from the flasks, pelleted and then used in the experiments outlined below. Unless elsewise specifically indicated, in each study, RAW 264.7 cells (1.5 Â 10 6 cells/well) were cultured in 6-well plates and then treated with triphala (100-300 mg/ml) or Indo (20 mM) for 24 h and then with 1 mg LPS/ml for a further 24 h.
MTT assay for cell viability RAW 264.7 macrophages were seeded in 96-well plates at 5 Â 10 4 cells/well. The cells then received medium containing various concentrations of test extract (100, 200, 300, 400 or 500 mg extract/ml). As data on in vitro studies with triphala are limited in the literature, this dose range was selected to encompass one used in earlier studies by Kaur et al. (2005) using another type of (i.e. acetone) extract with a variety of transformed cells. Based on this range, it was expected that a maximum non-cytotoxic drug concentration (and consequently a range to be used to establish any dose-responsivity of effects) could be defied for use in subsequent treatments herein.
After incubation for 24 h at 37 C, the cells then received 1 mg LPS/ml and were incubated for a further 24 h. Parallel sets of cells received only medium in place of LPS. After this period, the medium was decanted, 20 ml MTT dye solution (5 mg/ml in PBS) was added to each well and the plate was incubated for 4 h at 37 C. DMSO (200 ml) was then added to each well and the plate incubated for 15 min with gentle shaking at 37 C to dissolve formazan crystals that formed in the cells. Relative viability was calculated by determining the absorbance at 570 nm in a Biotek microplate reader (Winooski, VT). Untreated control cells were assigned a relative viability of 100%.
Lysosomal enzymes assay
RAW 264.7 cells were seeded in 24-well plates (at 50 000 cells/well) and treated with triphala or Indo for 24 h prior to stimulation with LPS for 24 h. Thereafter, the cells were washed with PBS and then lysed by addition of ice-cold lysis buffer (400 mM NaCl, 0.5% Triton-X, 50 mM Tris-HCl [pH 7.4]). Lysate from the macrophages was then prepared by centrifugation at 10 000 Â g for 10 min at 4 C. The resulting cell-free supernatant was recovered and an aliquot removed for analysis of protein content by the method of Lowry et al. (1951) ; the remaining material was stored at À80 C until used in analyses of lysosomal enzymes. Appropriate control experiments were performed to measure the release of enzymes by untreated cells.
Acid phosphatase was assayed by the method of King (1965) using disodium phenyl phosphate as substrate. Enzyme activity was expressed as mmoles phenol liberated/min/mg protein. Activity of -galactosidase was assessed by the method of Rosenblit et al. (1974) using 4-nitrophenyl-N-acetyl galactopyranoside as substrate; activity was expressed as mmoles p-nitro-phenol liberated/h/mg protein. N-Acetyl glucosaminidase activity was assessed by the method of Maruhn (1976) using 4-nitrophenyl-N-acetyl glucosaminide as substrate; activity was expressed as mmoles p-nitrophenol formed/h/mg protein. Cathepsin D activity was assayed by the method of Biber et al. (1981) using hemoglobin as substrate; activity was expressed as mmoles tyrosine liberated/h/mg protein.
Nitric oxide (NO) assay RAW 264.7 cells (1.5 Â 10 4 cells/well) were cultured in 6-well plates in DMEM without phenol red and then treated with different concentrations of triphala (100-300 mg/ml) or Indo (20 mM) for 24 h before NO production was induced by addition of LPS (1 mg/ml) and incubation for 24 h. Nitrite in the culture medium was then measured as an index of NO production using a Griess reaction. In brief, conditioned medium (100 ml) from each well was recovered and mixed with an equal volume of Griess reagent (0.2% naphthylethylenediamine dihydrochloride [NEDD] and 2% sulphanilamide in 5% phosphoric acid). After incubation at 37 C for 15 min, the mixture absorbance was measured at 540 nm in the microplate reader. Values were compared with those from sodium nitrite standards assessed in parallel and the nitrite concentration in the media of treated cells was calculated.
Prostaglandin E 2 (PGE 2 ) assay PGE 2 levels in the conditioned medium of RAW 264.7 cells treated with different concentrations of triphala or Indo for 24 h and then with LPS for 24 h were assessed using an ELISA kit (Cayman Chemical, Ann Arbor, MI), according to manufacturer instructions. Absorbance in each sample was measured at 450 nm in the microplate reader.
Enzyme-linked immunosorbant assays (ELISA)
Cultured media from RAW 264.7 cells treated with different concentrations of triphala or Indo for 24 h and then with 24 h were collected and stored at À75 C until analyzed for levels of TNF, IL-1, IL-6, MCP-1 and VEGF using ELISA kits (Peprotech, Rocky Hill, NJ), according to manufacturer instructions. The level of sensitivity of the kits was 32 pg TNF/ml, 63 pg IL-1/ ml, 62 pg IL-6/ml, 63 pg MCP-1/ml and 12 pg VEGF/ml.
Quantitative real-time reverse-transcription polymerase chain reactions
After the RAW 264.7 cells had been treated with triphala or Indo for 24 h and then LPS for 24 h, the cells were rinsed with PBS and total RNA from each group isolated using TRIzol, according to manufacturer instructions. The quality/quantity of isolated total RNA was verified using UV spectroscopy. Each RNA sample was measured at 260 nm and 280 nm and the corresponding 260/280 ratio was used to assess the RNA purity.
Quantitative RT-PCR (qRT-PCR) was performed to measure TNF, IL-1, IL-6, MCP-1, iNOS, COX-2, NF-B p65 and HO-1. RNA (2 mg/sample) was reverse transcribed using a high capacity cDNA reverse transcription kit (Applied Biosystems) and mRNA expression subsequently amplified using a Quantitect SYBR PCR kit (Venlo, the Netherlands). Gene-specific primers were designed manually using NCBI/primer-BLAST tool software and purchased from Sigma (Table 1) . Transcription levels of each product were assessed utilizing a Step One real-time thermal cycler with SYBR Green PCR Master Mix according to manufacturer's instructions. Amplification was performed using the following cycling conditions: 94 C for 15 s, 60 C annealing for 30 s and a 72 C extension for 30 s. The fold-change in gene expression levels of target genes was calculated by normalizing to -actin values using the 2 ÀDDCt comparative cycle threshold method.
Immunofluorescence assays RAW 264.7 cells (1.5 Â 10 4 /well) were cultured in 6-well plates and treated with triphala or Indo for 24 h and then with LPS for 24 h. The cells were then recovered by gentle scraping and transferred to permanox plastic chamber slides whereon they were then fixed with icecold 100% methanol for 10 min in a À20 C freezer. The cells/slides were then washed with PBS and blocked with 3% (w/v) bovine serum albumin in PBS for 30 min. The samples were then incubated overnight at 4 C with rabbit anti-p-NF-B p65 and anti-COX-2 mAb (1:200 dilution in PBS containing 1% bovine serum albumin [BSA]). After three rinses with PBS (5 min each), the cells were then incubated coated with specific Alexa Fluor (AF)-488-conjugated goat anti-rabbit secondary antibody (1:200 dilution in PBS/1% BSA) for 2 h at room temperature. The slides were then washed with PBS and incubated for 10 min at room temperature with 4,6diamidino-2-phenylindole (DAPI; Invitrogen, San Francisco, CA) containing mounting medium. The specimens were then coverslipped and examined in a blinded manner using a BX-43 fluorescent microscope (Olympus, Tokyo, Japan). Images were analyzed using Image Pro Plus Image analysis software (Media Cybernetics, Rockville, MD). For each analysis, an area of 100 mm/slide was evaluated and the results were expressed based on the fluorescence intensity within the given region/field of visualization. A minimum of three fields/slide was assessed for the detection of COX-2 and p-NF-kB p65 proteins, respectively.
Western blotting analysis
RAW 264.7 cells (1.5 Â 10 6 /well) were treated with the various concentrations of triphala or Indo for 24 h or Table 1 . Primer sequences used for quantitative real-time PCR analysis of RNA.
Gene
Primer sequences
BAY 11-7082 (10 mM) for 1 h prior to stimulation with LPS (1 mg/ml) for the next 24 h. Thereafter, cell lysate were prepared in ice-cold RIPA buffer (150 mM NaCl, 1% IGEPA CA-630, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris [pH 8]) containing protease inhibitors (Sigma). Protein content in lysates was measured using a Bradford protein assay kit (BioRad, Hercules, CA). For the analyses, lysates (30 mg protein/lane) were electrophoretically resolved over 12% sodium dodecyl sulfatepolyacrylamide gels. Proteins were then electrotransferred to polyvinylidene fluoride membranes (PVDF); the blots were then blocked overnight at 4 C in a solution of 5% (w/v) bovine serum albumin in TBST (Tris-buffered saline containing 0.1% Tween-20). The membranes were then incubated overnight at 4 C with the desired primary polyclonal antibody individually against NF-B p65 (1:1000), p-NF-B p65 (1:1000); COX-2 (1:1000); TNF (1:1000), IL-17 (1:1000), iNOS (1:1000) and -actin (1:2000); all dilutions were in TBST supplemented with 1% BSA.
After washing with TBST, membranes were probed for 1 h with appropriate secondary antibody (HRPconjugated goat anti-rabbit IgG antibody, 1:10 000 in TBST/1% BSA). Protein bands were then visualized using an enhanced chemiluminescence detection system (BioRad). The densities of the bands were measured using a BioRad Chem DOC TM XRS luminescent image analyzer and accompanying Imagelab [v.2.0.1] software.
Flow cytometric analyses of intracellular ROS levels
Levels of intracellular ROS production were directly measured using dichloro-dihydro-fluorescein diacetate (DCFH-DA) dye as described in Chen et al. (2013) . DCFH-DA is a non-fluorescent cell-permeable agent that enters cells and is deacetylated by non-specific esterase; the product is oxidized by ROS to yield fluorescent 2.7-dichlorofluorescein (DCF). Thus, fluorescence intensity is indicative of ROS levels in the cells. For the assay here, the RAW 264.7 cells that had been incubated with triphala or Indo for 24 h and then with LPS for a further 24 h were washed, harvested by scraping and then suspended in PBS containing 10 mM DCFH-DA for 30 min at 37 C. The cells were then washed twice with ice-cold PBS and then analyzed by flow cytometry in a FACS Calibur system (Becton-Dickinson, San Diego, CA) at excitation-emission wavelengths of 488 and 525 nm, respectively. Fluorescent signal intensity was analyzed using CELLQuest software (v.3.0, Becton-Dickinson). A minimum of 10 000 events/ sample was acquired for data analysis. Data were reported in terms of fluorescence intensity units (FIU).
In vivo studies
Studies of the effects of the triphala on adjuvant-induced arthritis in rodent hosts were previously performed by our laboratory (Rasool & Sabina 2007) . However, details about specific molecular targets of effect of the extract remain, to date, unresolved. To both obtain information about this and to ascertain if many of the antiinflammatory effects of triphala seen in the in vitro studies might translate to an in vivo scenario, the effects of the extract on select proteins of adjuvant-induced arthritic rats were evaluated here as well.
Animals
Wistar rats of either sex (125-150 g, 7-weeks-of-age) were procured from the Animal House of VIT University (Vellore, India). All rats were housed in a pathogen-free facility maintained at 25 ± 2 C with a 44-45% relative humidity and a 12-h dark:light cycle. All rats had ad libitum access to a commercial balanced diet (Hindustan Lever Ltd, Mumbai, India) and filtered tap water. All animals were treated and cared for in accordance with guidelines recommended by the CPCSEA (Committee for the Purpose of Control and Supervision of Experiments on Animals), Government of India. All experimental protocols were approved by the Animal Ethics Committee of VIT University.
Experimental groups
Prior to the start of the experiments, rats were acclimated for 1 week. For the experiment, rats were randomly allocated into four groups, each comprised of six animals: Group I ¼ Control rats administered saline, Group II ¼ Adjuvant-induced arthritic rats, Group III ¼ Arthritic rats to be administered triphala (100 mg/ kg BW) and Group IV ¼ Arthritic rats to be administered indomethacin (3 mg/kg BW). The doses of triphala used in this study were selected based on our preliminary studies (Kalaiselvan & Rasool 2015a,b) with different dosages (50, 75 or 100 mg of triphala extract) that found that a dose of 100 mg/kg produced a significant antiinflammatory effect (i.e. reduced paw swelling in adjuvant-induced arthritic animals). The dose of Indo was based upon a value previously reported in the literature (Rasool & Varalakshmi 2006) .
Induction of arthritis and assessment
Arthritis was induced by a single intradermal injection of complete Freund's adjuvant (CFA, 0.1 ml containing heat-killed Mycobacterium tuberculosis [10 mg/ml] in paraffin oil) into the footpad of the right hind paw. Triphala or indomethacin was administered intraperitoneally once daily for 8 days (from Day 11 to 18) after administration of the CFA. On Day 21, at the end of the experimental period, the animals were euthanized by cervical dislocation and their paw tissues recovered. Paw tissue lysates were prepared in ice-cold RIPA buffer mixed containing protease inhibitors and then analyzed for the protein expression of transcription factors (NF-B p65 and p-NF-B p65), inflammatory enzymes (COX-2 and iNOS), pro-inflammatory cytokines and -actin by Western blot analyses as described above.
Statistical analysis
All results were reported as mean ± SD. All statistical analysis was performed using InStat 3 software (GraphPad, San Diego, CA). Assessments of significant differences between groups were performed using a one-way analysis of variance (ANOVA), followed by a Student's Newman-Keul's test. A p-value50.05 implied significance.
Results
HPLC analyses of standard and triphala
The HPLC profile of triphala extract revealed peaks for five known major immunomodulatory constituents with retention times of 2.10, 2.95, 3.90, 5.13 and 7.08 min (Figure 1 ). By comparison against standards, peaks associated with these retention times (and component percentage weight composition) in the samples were identified as, respectively, gallic acid (0.63% [w/w]), ascorbic acid (0.44% [w/w]), tannic acid (0.37% [w/w]), chebulagic acid (0.29% [w/w]) and chebulic acid (0.05% [w/w]) in each 1000 mg of sample. This indicated that these known immunomodulants comprised $ 2% of the extract utilized in these studies. The remainder of the materials were likely to have included, at much lower levels than the five above-noted compounds -ellagic acid, chebulinic acid, syringic acid, protocatechuic acid, catechins, epicatechin and epigallocatechin -based on previous analyses (Singh et al. 2008; Pawar et al. 2009; Jaijoy et al. 2010; Kumar et al. 2010; Nampoothiri et al. 2011 ).
Re-analyses showed the composition of triphala extracts was not altered during each preparation of extracts for use in the experiments. The RSD (relative standard deviation) values calculated for the active constituents in the triphala extract at different times of preparation was55%; therefore, any minor variation in phytochemical concentrations did not likely have any significant impact on the biological activity observed therein. Further, any slight change in the retention time of a given eluted component in the extract could have been due to the presence of a conjugated form, i.e. a glycoside, that could easily be solubilized in situ/in cells.
In vitro studies
Effects of triphala extract on cell viability
Neither overt cytotoxicity nor changes in cell morphology were observed after a 24-h triphala extract treatment at up to a level of 500 mg/ml (data not shown). Based on these results, only triphala extract levels 5500 mg/ml were used hereafter in the studies. 
Effects on lysosomal enzyme release
To ensure triphala extract inhibited release of lysosomal enzymes (acid phosphatase, -galactosidase, N-Acetyl glucosaminidase, cathepsin D) by LPS-induced RAW 264.7 macrophages, the cells were treated with extract or indomethacin (Indo) prior to stimulation with LPS. The results indicated there was a significant increase in the activities of the assayed enzymes with LPS-induced cells compared to with unstimulated macrophages (Table 2) . Triphala extract pre-treatment resulted in significant dose-related reductions in LPS-stimulated cells; levels at the highest dose approximated those seen with Indopre-treated cells and often were similar to those of the untreated specimens.
Effects on NO, PGE 2 and pro-inflammatory cytokine production
As shown in Figure 2(A and B) , LPS treatment caused increased production of NO and PGE 2 compared to that by unstimulated macrophages. Pre-treatment with triphala extract (or Indo) caused a significant dose-related reduction in production of both products, with the use of the 300 mg triphala/ml dose bringing levels close to those seen with the untreated cells. Analysis of pro-inflammatory cytokine secretion by LPS-/unstimulated cells ( Figure 3A -F) revealed that, while there were low levels of basal TNF, IL-1, IL-6, MCP-1 and VEGF formation, stimulation with LPS induced significantly higher secretion of each protein. Pre-treatment with triphala extract significantly inhibited LPS-induced secretion of each protein; effects from the two highest triphala doses used often approximated that seen with Indo inhibitor.
Effects on LPS-induced changes in expression of select genes
The effects of triphala on expression of the genes for TNF, IL-1, IL-6 and MCP-1, iNOS and COX-2 and transcription factor NF-B-p65 LPS-stimulated RAW 264.7 cells were investigated by Real Time-PCR. As shown in the Figure 4(A-F) , the gene expression levels of each target gene was up-regulated in LPS-treated macrophages compared to in unstimulated cells. Triphala treatment, as well as Indo, markedly downregulated these levels of induced gene expression in a dose-related manner.
These LPS-treated cells were also examined to ascertain if triphala extract exerted anti-inflammatory actions through changes in HO-1 or NF-B p65 transcription. As shown in Figure 4(G) , triphala treatment caused significant down-regulation in NF-B p65 expression; conversely, triphala led to up-regulated HO-1 transcription ( Figure 4H ). With regard to these effects, again, the highest doses of triphala yielded outcomes similar to/ greater than that from Indo.
Immunofluorescence assay
To begin to better understand mechanisms underlying effects of triphala extract on LPS-induced gene expression, changes in nuclear translocation of p-NF-B p65 in the LPS-treated cells were evaluated. Immunofluorescence analyses showed LPS stimulation caused increased translocation of p-NF-B p65 from the cytoplasm into the nucleus ( Figure 5A ) and that triphala extract pre-treatment significantly inhibited this outcome (as did Indo). To verify that the observed changes in gene expression outlined above were reflected at the post-translational level as well, the expression of COX-2 in these cells was also examined. The results indicated as with the gene data that LPS induced significant increases in COX-2 expression in the cells and that triphala extract (and Indo) reduced these increases ( Figure 5B ).
Effects on LPS-induced NF-jB signaling
To discern if the noted suppressive effects of triphala extract on LPS-stimulated pro-inflammatory cytokines/ enzymes were possibly due to an impact on activation of NF-B signaling, BAY 11-7082 (an IB kinase inhibitor) was employed. As shown in Figure 6 (A), Western blot analyses clearly showed LPS-stimulated cells had an elevated expression of NF-B p65 and p-NF-B p65 proteins compared to that seen with control cells. Extract pre-treatment led to decreased expression of NF-B p65 and p-NF-B p65 in the cells, with the 300 mg/ml dose causing an expression akin to that attained with Indo. Use of BAY 11-7082 near-completely blocked p-NF-B p65 protein expression in the cells. These patterns of change in NF-B p65 and p-NF-B p65 expression in the cells was mirrored by changes in expression of TNF, iNOS and IL-17 by the cells (Figure 6B) . Interestingly, the effects from triphala extract, Indo and BAY 11-7082 did not translate as well, with use of the IB kinase inhibitor having no apparent significant effect on the COX-2 formation induced by LPS.
Effects on LPS-induced intracellular free radical production
Over-production of free radicals during inflammatory processes are involved in signal transduction and NF-B activation. The analyses of the effects of triphala on intracellular free radical production in LPSstimulated RAW 264.7 cells indicated that production was increased compared to that with control cells (Figure 7) . DCFH-DA fluorescence intensity in LPStreated cells was &12 fluorescence intensity units (FIU) (&48%; p 0.05) greater than that in control cells. Extract pre-treatment significantly diminished the LPS-induced radical production, with the DCFH-DA fluorescence decreasing by 9. 
In vivo studies
Western blot analysis
To ascertain if many of the anti-inflammatory effects of triphala extract seen in the in vitro studies might translate to the in vivo scenario, the effects of the agent on select proteins in adjuvant-induced arthritic rats were evaluated. Specifically, expression levels of NF-B p65, p-NF-B p65, IL-17, COX-2 and RANKL were evaluated in paw tissues of adjuvant-induced arthritic rats by Western blot analysis. As shown in Figure 8(A and B) , the expression of NF-B p65, p-NF-B p65, IL-17, COX-2 and RANKL proteins were significantly elevated in the paw tissues of the arthritic rats when compared with in tissues from control rats. Triphala extract treatment (administered IP once daily for 8 days [from Day 11 to 18] after administration of the CFA [at 100 mg/kg]) significantly decreased expression levels of p-NFB p65, IL-17, COX-2 and RANKL proteins in the arthritic rat tissues; except for with IL-17, effects were often on par with that induced by use of Indo.
Discussion
Our earlier reports showed that triphala extract had promising in vivo anti-inflammatory and anti-arthritic effects in adjuvant-induced arthritic rats (Kalaiselvan & Rasool 2015a ). To explore anti-inflammatory molecular mechanisms, the present study focused on the inhibitory effects of the extract on pro-inflammatory cytokine, inflammatory enzyme, and inflammatory factor production by LPS-induced RAW 264.7, as well as their expression at the mRNA level. In addition, to investigate if the inhibitory action of triphala extract on inflammatory factor/cytokine production was mediated by inhibition of NF-B pathways and/or via HO-1 up-regulation, NF-B activation and HO-1 expression in LPS-induced cells was also analyzed. HPLC profiling of the triphala extract performed here revealed the presence of poly-phenols including ascorbic, tannic, chebulagic, chebulic and gallic acids, with the latter being the predominant component. Each of these active principles have been reported to impart various biological effects, including immunomodulatory and both anti-inflammatory and anti-oxidant effects (Ahn et al. 2015; Liu et al. 2015) . In addition to these components, previous analyses indicated there was a presence of ellagic acid, chebulinic acid, syringic acid, protocatechuic acid, catechins, epicatechin and epigallocatechin, but at minimal concentrations (Nampoothiri et al. 2011; Pawar et al. 2009 ). Ahn et al. (2004) , Byun et al. (2011 Byun et al. ( ,2012 and Rosillo et al. (2012) reported immunomodulatory effects from ellagic acid and epigallocatechin in murine dendritic cells and in a murine model. However, in the triphala extract, these agents did not likely render significant activity due to their presence at very low levels. Nevertheless, the possibility remains that, in concert with the five major agents noted above, there could have been some contributions. Further studies with the individual agents (each alone and in combination with ascorbic, tannic, chebulagic, chebulic and/or gallic acids) are needed to clarify potential additive or synergistic (or even potentially inhibitory) effects from such combinations.
With respect to the predominant component here, it is known that gallic acid can help to reduce inflammation, in part, by causing reductions in DNA binding with NF-B in cells treated with LPS, thereby leading to a subsequent lessening of expression of pro-inflammatory mediators. Further, gallic acid can inhibit TNF and IL-6 formation/release by human monocytes secondary to an induced suppression of p65 acetylation (Choi et al. 2009 ). In addition, other earlier studies had already noted that some of the detected components (and other less-present individual components like 4-O-methylgallic acids and bellericanin) were able to affect transcription of genes for TNF, IL-1, IL-6, COX-2 and even NF-B (Na et al. 2006; Yu et al. 2007; Sabina & Rasool 2008; Zhao et al. 2008) . Thus, agents within the triphala extract had multiple means by which to impact on genes/pathways needed by activated macrophages to contribute to inflammation.
Normally, exposure to LPS induces macrophage production of several inflammatory cytokines (e.g. TNF, IL-1, IL-6, MCP-1, VEGF) and mediators like NO and PGE 2 (produced by inducible nitric oxide synthase [iNOS] and COX-2, respectively). Several reports have noted that NO at high levels causes cell death (Ahmad et al. 2009 ) and contributes to inflammatory/autoimmune diseases (Lee et al. 2005b) . Similarly, PGE 2 , like many prostaglandins, also plays a major role in inflammation (Salvemini et al. 2013) . Therefore, inhibition of excessive PGE 2 and NO generation by blocking COX-2 and/or iNOS could be a meaningful strategy to treat inflammation-based diseases. The present findings suggested to us triphala mediated reductions in NO and PGE 2 at both the transcriptional and translational level. There are many factors that control PGE 2 and NO expression. In this regard, NF-B plays a central role in regulating genes encoding mediators, including iNOS and COX-2 during inflammation. Following NF-B p65 translocation into the nucleus, expression of iNOS and COX-2 and other pro-inflammatory cytokine genes (like for IL-6 and TNF) is affected in macrophages ). Accordingly, modulation of NF-B activity also presents a promising target for treatment of inflammation-related disorders. Here, it was seen that p-NF-B p65 translocation and its mRNA expression in LPStreated RAW 264.7 macrophages was strongly inhibited by triphala treatment. This outcome (as well as reduced COX-2 expression) was in accord with earlier reports that chebulagic acid (triphala component) caused COX-2 suppression at both the transcription and translational level by inhibition of NF-B-mediated pathways (Reddy & Reddanna 2009; Karlsson et al. 2010) .
The present study also showed triphala extract significantly inhibited the mRNA expression/cell production of TNF, IL-1, IL-6, MCP-1 and VEGF by activated macrophages. Since NF-B-mediated signaling strongly regulates the release of cytokines/inflammatory mediators in activated macrophages (Hwang et al. 2010) , to confirm that effects of triphala were being mediated through the NF-B pathway, studies using BAY 11-7082 (inhibitor of IB kinase) on LPS-stimulated production of iNOS, COX-2, IL-17 and TNF were performed in parallel here. The Western blot analyses showed that LPS-stimulated RAW 264.7 cells had elevated NF-B p65 and p-NF-Bp65 expression and, as expected, enhanced expression of TNF, IL-17, iNOS and COX-2 proteins. In contrast, triphala treatment decreased the induced expressions of NF-B p65 and p-NF-B p65 in the cells (and subsequently suppressed expression of TNF, IL-17, iNOS and COX-2). These outcomes were in line with those seen to be induced by the BAY 11-7082. These outcomes were in accordance with earlier reports that gallic, chebulagic and tannic acid (major triphala components here) caused a modulating effects on NF-B p65 and p-NF-Bp65 expression (Reddy & Reddanna 2009; Ho et al. 2010; Karuppagounder et al. 2015) . In addition, even some of the minor components in the extract, e.g. ellagic acid and epigallocatechin, are known to inhibit expression of TLR4, TNF, IL-6 and IL-1 by blocking NF-Bmediated inflammatory pathways (Ahn et al. 2004; Byun et al. 2011 Byun et al. , 2012 Rosillo et al. 2012) . Taken in total, these results indicated strongly that the suppressive effect of triphala on inflammatory mediator production/ expression could be via inhibition of NF-B signaling.
Macrophages stimulated by LPS undergo membrane damage due to increasing oxidative stress; this leads to an eventual rupture of lysosomal membranes/discharge of lysosomal enzymes (array of hydrolytic enzymes that hydrolyze proteins, nucleic acids, polysaccharides, lipids and phospholipids (Pragasam & Rasool 2013) ) and reactive oxygen species (ROS)/free radicals, each causing amplification of the inflammatory responses. As this release of lysosomal enzymes/ROS plays a critical role in tissue injury, a reduction in their release would also be beneficial in mitigating inflammatory responses. Here, LPS-stimulated macrophages showed excessive release of lysosomal enzymes and free radicals compared to control cells. Interestingly, triphala treatment caused significant reduction in these releases. This indicated triphala seemed to impart a membrane stabilizing/radical scavenging effect similar to one already noted in Cheng et al. (2003) , Hari Kumar et al. (2004) and Lee et al. (2005a) . Moreover, the present results indicating triphala exhibited anti-radical effects (by limiting the intracellular ROS generation) were in concordance with studies of protective effects of gallic acid against oxidative injury (Chen et al. 2013) .
Heme oxygenase-1 (HO-1), a rate-limiting enzyme in catabolism of heme to biliverdin, free iron and carbon monoxide (CO), has been implicated in protection against oxidative stress (Willis et al. 1996) . It was reported that over-expression of HO-1 counteracts cytotoxic, pro-oxidative/-inflammatory effects caused by heme accumulation by causing a down-regulation in levels of inflammatory adhesion molecules, enzymes and cytokines and causing an abrogation of leukocytes to inflamed tissues (Wagener et al. 2003 ). The present triphala study results were in keeping with those of other studies showing several phytochemicals might be useful therapeutics against inflammatory disorders as they cause up-regulated HO-1 expression.
Our earlier studies already confirmed anti-inflammatory effects of triphala extract in arthritic hosts. It is established that, during arthritis, activated immune cells produce TNF, IL-6, IL-17 and RANKL to help mediate synovial inflammation and production of inflammatory enzymes like COX-2 and iNOS (as well as matrix metalloproteinases) via increased activation of NF-B (Sulthana & Rasool 2015) . Specifically, those earlier studies documented that use of the extract led to changes in IL-17, RANKL and COX-2 mRNA expression (evaluated by real time-PCR) in paw tissues of adjuvant-induced arthritic rats (Kalaiselvan & Rasool 2015a,b) . To investigate if the in vitro effects from triphala extract on cell expression of NF-B p65 and p-NF-B p65-as well as of key participants involved in arthritic/inflammatory responses in situ (IL-17, COX-2 and RANKL, whose expression each either impact on/are impacted by expression/activation of NF-B) also took place in arthritic hosts, Western blot analyses of NF-B p65, p-NF-B p65, IL-17, COX-2 and RANKL levels in the paw tissues were performed here.
RANKL was chosen for examination in that osteoclastic activity is triggered via activation of osteoclast surface-bound receptor activator of NF-B (RANK) (Geusens 2012) . Over-production of RANKL is implicated in a variety of degenerative bone diseases, including arthritis. Thus, if the extract reduced RANKL expression, it would be expected there would be less NF-B activation at the site of inflammation (i.e. paws). IL-17 was chosen for examination in that it induces production of many other cytokines (IL-6, G-CSF, GM-CSF, IL-1, TGF, TNF), chemokines (IL-8, GRO, MCP-1) and prostaglandins from many cell types (fibroblasts, macrophages, etc.). As a result, IL-17 is key in many immune/autoimmune diseases, including arthritis. It is also known that NF-B (along with STAT3) signal pathways are required for inducible IL-17 production (Cho et al. 2006) . Thus, if the extract reduced NF-B activation/expression, less local IL-17 at the site of inflammation (i.e. paws) would be expected. Similarly, with COX-2, p38/NF-B activation/recruitment are required in inflammatory responses for increased COX-2 formation (Ulivi et al. 2008) . Accordingly, as with IL-17, any extract-induced reductions in NF-B activation/expression would then be expected to result in less local COX-2 in the arthritic rats' paws.
The results showed the extract meaningfully reduced the expression of each of the NF-B-expression/activation-related proteins in the paw tissues of the arthritic rats. Similarly, the expression levels of NF-B p65 and p-NF-B p65 were also strongly reduced by treatment of the hosts with the triphala extract. While use of Western blots (which are semi-quantitative at best) were helpful in showing that in situ outcomes not only confirmed the translatability of the in vitro study data, appropriate measures of IL-17 and RANKL expression (by ELISA) and of COX-2 activity (enzymatically) are underway to bolster these findings. Notwithstanding those results, these outcomes in the adjuvant-induced arthritic rats provide sufficient support for our hypothesis that triphala extract inhibited the generation of inflammatory mediators in situ, most likely through inhibition of NF-B signaling pathways.
Conclusions
The data here demonstrated that a triphala extract efficiently inhibited production/gene expression of inflammatory enzymes, pro-inflammatory cytokines and inflammatory mediators in LPS-stimulated RAW 264.7 macrophage cells in a manner similar to that of the drug indomethacin. The results showed these effects were, in part, via up-regulation of HO-1 and suppression of transcription factor NF-B nuclear translocation. The animal model studies also confirmed that triphala exhibited anti-inflammatory effects by reducing expression of inflammatory mediators via inhibition of NF-B activation. Taken together, these findings demonstrate that triphala extract has potential anti-inflammatory parameters that could make it useful for the treatment of several inflammatory disorders, including rheumatoid arthritis.
